Introduction {#S0001}
============

*Toxoplasma gondii*; one of the most common zoonosis is an apicomplexan parasite that infects a wide range of animals among which felines are definitive and other animals including dogs are intermediate hosts ([@CIT0001]).

The disease may be a latent infection in clinically normal dogs or with sever clinical signs especially in immunosupressed dogs. Clinical signs of the disease in dogs can vary considerably and include neuromuscular, respiratory or gastrointestinal disorders ([@CIT0002]).

A role for dogs in the transmission of *T. gondii* to human has been postulated, based on observations that dogs ingest cat feces and often roll in cat feces and other foul-smelling substances ([@CIT0003]).

Viable sporulated oocysts were present for 2 days in feces of the dogs fed sporulated *T. gondii* oocysts. These dogs were seroconverted to *T. gondii* ([@CIT0004]).

Recently, Schares et al. have found viable *T. gondii* oocysts in some of the fecal samples collected from dogs in Germany ([@CIT0005]). *Toxoplasma gondii* infection in dogs is distributed worldwide, with prevalence rates ranging from 20% to 91% in different countries ([@CIT0006]--[@CIT0008]).

Indirect fluorescent antibody test (IFAT) is a reference test that with acceptable sensitivity and specificity provides valuable information about *T. gondii* infection and many other infectious diseases in human and animals. It has been used for sero-epidemiological studies previously in Iran as well as other countries ([@CIT0009]--[@CIT0015]).

To our knowledge, no published data about seroepidemiology of *T. gondii* infection in dogs in Iran is present. This study was aimed to investigate the serological prevalence of *T. gondii* infection in Iran and to investigate related risk factors.

Material and Methods {#S0002}
====================

Sample collection {#S20003}
-----------------

Serum samples were collected from 396 dogs from Tehran Province during 2007--2008 among which 196 were referred to small animal clinic of Tehran University for annual vaccination and check-up and 200 were collected from shelters and stray dogs from Karadj area. All of the dogs were clinically healthy by sampling. Serum samples were stored at −20°C until use. Information about age, sex and breed of the dogs were recorded in a query form ([Table 1](#T0001){ref-type="table"}).

###### 

Sero-prevalence of canine *T. gondii* infection regard to age, sex and living status of the dogs evaluated by IFAT on sera collected from Tehran and Karadj

                   Age          Sex           Living Status                                             
  ---------------- ------------ ------------- --------------- ------------- ------------- ------------- -------------
  Positive n (%)   7 (8.23)     82 (26.36)    50 (23.8)       39 (20.96)    14 (9.03)     75 (31.12)    89 (22.48)
  Negative n (%)   78 (91.77)   229 (73.67)   160 (76.2)      147 (79.04)   141 (90.97)   166 (68.88)   307 (77.52)

Parasites {#S20004}
---------

RH strain of *T. gondii* ([@CIT0016]) were maintained in Vero cell cultures and purified as described previously ([@CIT0009]). Cell culture derived tachyzoites were used immediately for the preparation of IFAT slides. RH strain of tachyzoites were kindly provided by Friedrich Loeffeler Institute, Germany and multiplied in Vero cell cultures in research institute of animal embryo technology, Shahrekord University, Iran.

Indirect Fluorescent Antibody Test (IFAT) {#S20005}
-----------------------------------------

An IFAT was performed as described ([@CIT0017]). Serum samoles were diluted using phosphate buffer saline (pH 7.4). Dilutions of 1:16 have been used as starting dilution in IFAT. Positive samples in this dilution were subjected to serial dilutions (two fold dilutions) until being negative. Ten well slides (Biogen, Tehran, Iran) with formalized tachyzoites attached were incubated with diluted dog sera followed by incubation with a fluorescein Isothiocyanate labeled rabbit anti-dog IgG (Sigma-Aldrich, USA). Positive and negative control sera were obtained from dogs previously tested by other serological assays (IFAT and ELISA) ([@CIT0009]).

Results {#S0006}
=======

Among analyzed serum samples, 89 (22.47%) were positive in titer of at least 1:16. Further evaluations in other dilutions showed positive results in dilutions of maximum 1:16, 1:32, 1:64, 1:128 and 1:256 in 38, 29, 15, 2 and 5 dogs respectively.

To rule-out the possibility of mistakes in data related to ages especially about stray dogs, animals were divided to two age groups; more and less than one year old. From 85 dogs of less than one year old, 7 (8.23%) had anti-*T. gondii* antibodies in dilutions of at least 1:16 while from 311 dogs of 1 year old and older 82 (26.36%) were sero-positive in this dilution; seroprevalence of *T. gondii* infection was significantly higher in dogs of the later group (*P*≤0.05).

Although infection rate was slightly more in male dogs, no significant difference was seen between two evaluated sexes (*P*\<0.05).

From total of 155 household dogs 9.03% were seroconverted to *T. gondii* while infection rate was 31.12% in stray or guard dogs. Hence living place was significantly related to the infection rate (*P*\<0.05).

Detailed information regarding infection rate in different groups are summarized in [Table 1](#T0001){ref-type="table"}.

Discussion {#S0007}
==========

Dietary habits of the dogs cause them to be highly predisposed to *T. gondii* infection because of the possibility to eat infected tissues from intermediate hosts and the close contact with soil containing sporulated *T. gondii* oocysts ([@CIT0003], [@CIT0004]). Although clinical toxoplasmosis is rare in dogs population, congenital transmission remains of clinical importance in fetuses. Uncompleted immune system in puppies and immunodeficiency due to concomitant infections such as canine distemper virus remain of potential risk factors for *T. gondii* infections. However clinical signs in dogs are variable and include respiratory, digestive, ocular, neurological and muscular disturbances ([@CIT0002]).

A few studies have been performed in Iran to evaluate *T. gondii* infection in animals including the dogs. *T. gondii* infection was estimated as 14.2% in these studies ([@CIT0018], [@CIT0019]). Seroprevalence rate of *T. gondii* in dogs has been reported from 19.6 to 91% from different countries and this shows worldwide distribution of this protozoan parasite ([@CIT0006], [@CIT0008], [@CIT0020], [@CIT0021]). Seroprevalence of 22.47% for *T. gondii* found in this study was more than 7.9% reported from Taiwan and 21.3% from Brazil and less than 30% from Sweden and 32% from Trinidad and Tobago ([@CIT0020]--[@CIT0023]).

Our finding of higher seroprevalence of *T. gondii* in older dogs is in agreement with other investigators and has been related to a higher chance for exposure to *T. gondii* over time and increasing the susceptibility in older dogs ([@CIT0024], [@CIT0025]).

Higher infection rate in stray and guard dogs in comparison with household dogs are probably due to higher exposure to contaminated food, soil, or water sources with sporulated oocysts. The sex of dogs was not significantly associated with the infection rate. This is agreement with other studies ([@CIT0022], [@CIT0025]).

Relatively high seroprevalence of *T. gondii* infection in dogs in Iran can be due to high environmental contamination. Dogs with suspected clinical signs should be tested for toxoplasmosis.
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